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There is currently much interest in the electronic properties of strained rings with the
aziridine and azetidine ring systems receiving considerable attention because of the relatively
high barrier to inversion about nitrogen (3). Electron spin resonance (esr) spectroscopy is
ideally suited to the study of paramagnetic species in that it not only "maps" the location of
the unpaired electron but also yields detailed information concerning the type(s) of orbital in
which the electron resides. Although most alkyl and cycloalkyl radicals are planar pi radicals,
the classical esr study of Fessenden and Schuler (4) has demonstrated that the cyclopropyl rad-
ical is a notable exception. The abnormal o hyperfine coupling constant of 6.5 G and the fact
that the four B hydrogens appéar equivalent with a splitting of 23.42 G is interpreted in terms

of a rapidly inverting sigma radical.

H

In our earlier work with the dialkylamino radicals (1) we had shown that these specles are
pi radicals with the unpaired electrou localized primarily in a p orbital on nitrogen. We pre-
sently wish to report the high-resolution esr spectrum of the aziridino radical which, by anal-
ogy to the isoelectronic cyclopropyl radical, might be expected to exist as a sigma radical 1
with the unpaired electron residing in a hybrid orbital with appreciable s character. After

unsuccessful attempts to prepare the tetrazene precursor to the aziridino radical (1) we found
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Figure 1. ESR spectrum of the aziridino radical in cyclopropane solution at ~100° C.

Table 1
N H
Radical a_ a 8 g-value
Aziridino 12.52 30.70 2.0043 + 0.0001
Azetidino 13.99 38.25 2.0045 + 0.0001

Both spectra in cyclopropane solution at -100° C. Hyperfine splitting con-
stants and g-values relative to Fremy's salt taken as 13.091 G and 2.0055,
respectively (R. J. Faber and G. K. Fraenkel, J. Chem. Phys., 47, 2462 (1967);
J. Q. Adams and J. R. Thomas, ibid., 39, 1904 (1964)). The g-values are cor-
rected for second-order effects.

that irradiation of a solution of aziridine and di-t-butylperoxide in cyclopropane at reduced

temperatures (6) produces a well-resolved spectrum of the aziridino radical (Figure 1). The
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spectrum is readily analyzed in terms of a nitrogen splitting of 12.52 G and four equivalent
hydrogens of 30.70 G. The g-value of 2.0043 % 0.0001 is within experimental error of that for
dimethylamino radical generated from tetramethyltetrazene (2.0044 * 0.0001) and rules out the
present spectrum as resulting from a nitroxide radical which would exhibit a g-value of ca.
2.0060. The presently observed hydrogen splitting and g-value are in good agreement with those
reported for this radical produced by y-irradation in the solid state (7).

The 12.52 G isotropic nitrogen hyperfine interaction is quite similar to that observed for
the simple dialkylamino radicals (1) and indicates that the aziridino radical is likewise a pi
radical with the unpaired electron located primarily in the nitrogen 2p orbital (cf. 2). The
heavily p-weighted C-N and C-C bonds in the aziridino radical are apparently balanced by a high

8 character primarily in the lone palr of electrons rather than in the orbital containing the



Fo. 25 2249

unpaired electron as in the cyclopropyl radical,
The above conclusions are supported by INDO calculations. A complete INDO energy minimi-
o
zation (8) yields the following structure for the aziridino radical in which C-N = 1.43 A, C-C =

o o
1.46 A, C-H = 1.22 A, 8, = HCH angle, and 92 = the angle formed by the HCH bisector and the C-C

1
bond. The calculations predict aN = 10.25 G and aH = 29.84 G in good agreement with experiment

H

L 9, = 158,5°
*N
H
= o
8, = 110.7
3

and indicate that there is a spin density of 0,8835 in the nitrogen 2p orbital and only 0.0270
in the nitrogen 2s orbital.

The esr spectrum of the four-membered ring azetidino radiﬁal is qualitatively similar to
that of the aziridino and readily analyzed fo give the hyperfine coupling constants and g-value re-
ported in Table 1. The B-~hydrogen splittings of 38.25 G may be compared to that reported for the
B hydrogens of the cyclobutyl radical, 3§.77 G (10). Partially resolved second-order splittings
of the central lines of the spectrum were observed but the resolution was not sufficient to
unambiguously assign a coupling constant to the Y hydrogens; it appears that this interaction
must be of the order of 0.5 G or less.

It has been argued that there should be a strong dependence of aN and g-value on the CXC
bond angle in neutral amino free radicals (11). The rather similar nitrogen coupling constants
and almost identical g-values for the aziridino and azetidino radicals (with CNC internuclear
angles of ca. 60° and 90°, respectively) as compared to the open chain dimethylamino radical (with
CNC angle ca. 117° (11,12)) would appear to préclude a reliable estimate of the CNC internuclear
angle in dialkylamino radicals on the basis of these parameters.

Although a single canonical structure such as 2 illustrates that there is but a small spin
density in the nitrogen 2s orbital, an alternate but equivalent description of amino radicals can
be made in terms of localized molecular orbitals (13)., Qualitatively, such a description yields
4 as the electronic structure for a neutral dialkylamino radical and emphasizes that the alpha
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(1) and beta (4) electrons occupy different orbitals. Although perhaps not immediately obvious
from a description similar to 4, it is important to realize that the nitrogen 2s orbital spin den-
sity (i.e., the difference between the alpha and beta electron densities in the nitrogen 2s or-
bital) in, e.g., the aziridino radical is not changed from that given above. The concept of lo-

calized molecular orbitals as applied to amino radicals will be discussed in detail elsewhere (12).
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